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Paradigms  for  low  energy  surfaces 


Crystalline  surfaces 

-  Immobilized  chemical  moieties 
with  low  polarizability  (e.g. 
fluorine) 

CF  >  CF2  >  CF3  >  SF5 

High  crystallinity  to  prevent 
surface  reorganization  when  in 
contact  with  liquids,  biofouling 
sources,  etc. 

Extreme  liquid  repellency  when 
combined  with  surface  roughness 
and  re-entrant  geometry 


"liquid-like"  surfaces 

-  low  energy  barriers  between 

metastable  states 

-  Metal  oxide  surfaces  and  liquid- 
infused  materials  (e.g.  SLIPS) 

Fluorine  content  not  required  to 
repel  low  surface  tension  liquids? 

Low  CA  hysteresis  despite  lower 
contact  angle  values 
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Surface  modification  of 
PDMS/siloxane  networks 

Primarily  oxide  formation  via  02  plasma,  UV/ozone,  etc.  and 
subsequent  functionalization 

Functional  PDMS  (e.g.  residual  vinyl  groups  in  network) 
Functional  silsesquioxane  networks 
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Properties  of  Fluorodecyl8T8  POSS 


Rf  (CH2)2(CF2)8F 


Extremely  low  surface  energy 
Surface  migration  in  polymers 
Surface  responsive  behavior 

Enabling.... 


Superomniphobic  fabrics 
via  dip-coating 


Transparent  Extreme  Oil/water  emulsion 

Omniphobicity  Omniphobicity  gravity  seperation 
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Surface  Energy  of  Fluorodecyl8T8  POSS 


fluorodecyl8T8  POSS  5.5  mN/m  (Zisman  analysis)* 

8.8  -  10.2  mN/m  (Girafalco-Good  analysis)* 
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Fluorodecyl  Q4,  R  =  -(CH2)2-(CF2)7-CF3 
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F3C(F2C)7(H2C)2(H3C)2Si^  ^Si(CH3)a(CH3)2(CF2>7CFg 

Fluorodecyl  M2,  R  =  <CH2)2-(CF2)7-CF3 

Zisman  analysis 

(only  alkane  probing  liquids  used) 
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Surface  Energy  of  FluorodecylgT8  POSS 


fluorodecyl8T8  POSS 


5.5  mN/m  (Zisman  analysis)* 

8.8  - 10.2  mN/m  (Girafalco-Good  analysis)* 


Why? 


Polytetrafluoroethylene 

CF3-(CF2)n-CF3 


18  -  20  mN/m  (Zisman  analysis) 


CF3  monolayer 


6.7  mN/m  (Zisman  analysis) 
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Image  displaying  the  helical 
conformation  of 
fluorodecyl  substituents  in 
the  solid  state  packing  of 
fluorodecyLTo  POSS 


Mabry  J.  M.  et  al.,  Angew.  Chem.  Int.  Ed  2008,  47,  4137-4140 

Distribution  A:  Approved  for  public  release;  distribution  is  unlimited. 


Rf  (CH2)2(CF2)8F 


Fluorodecyl8T8  POSS 


Rotate  ~  90° 
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Distribution  A: 


POSS 

cages  displaying  a  lamella-type 


packing 
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Fluorine:  green 
Cat  Lyon:  grey 
Silicon:  beige 
Oxygen:  red 
Hydrogen:  not  shown 


One  helical 

fluorotlecylchaii 

StCH^CFAF 
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Helical  crystal  packing  of  fluoroalkyl-substituted  urea 
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Helical  crystal  packing  of  fluoroalkyl-substituted  urea 
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Functional  Fluorodecyl  POSS 
Compounds  Enabled  by  Incompletely 
Condensed  Intermediate 


Scheme  1.  Synthesis  of  Incompletely  Condensed  Huoroalkyl  Silsesquioxane41 
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29Si  NMR  Spectra  of  fluorodecyl  POSS 
disilanol  Intermediates  and  Product 
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ORTEP  representations  of 
Fluorodecyl  POSS  Disilanol  crystal  structure 


Rfv  oh  HO  R. 

Nsi'  V 
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Rf“  (CH2)2(CF2)8F 
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Counter¬ 
clockwise  (M) 


Side  view 


F-POSS  cage  dimer  side  &  top  views 


Counter¬ 
clockwise  ( M ) 


Clockwise  ( P ) 


unter-clockwise  (M) 


A  view  from  the  top 
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F-POSS  cage  dimer  (fluoroalkyl  side  chains  shown  as  golden  spheres): 
2  intermolecular  0H...0  -  bonds  that  hold  dimer  structure  together 
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F-POSS  cage  array:  3  dimers  (6  cages)  -  top  view 
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F-POSS  cage  "zigzag"  array  (16  cages)  -  top  view 
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Functional  Fluorodecyl  POSS  Synthesis  from 
Incompletely  Condensed  Fluorodecyl  POSS 


Rf  (CH2)2(CF2)8F 
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F-POSS  Grafting  to  PDMS 
via  Hydrosilylation 


1,  5,  10,  20,  44  wt% 

Vinyl:  silane.  1:32,  1:8,  1:4,  1:2,  1:1 
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Complete  Conversion  at  10  wt%  F-POSS 


29Si  NMR  Spectra 
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Incomplete  Conversion 
at  >20  wt%  F-POSS: 
1H  NMR  Spectra 


44  wt%  (1:1  vinyhsilane) 
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F-POSS  PDMS  Amphiphile  Aggregation 


Raw  Correlation  Data 


Time  [[js) 
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Surface  Wetting  of  Fluorodecyl 
POSS  -PDMS  Amphiphiles 


Rf  (CH2)2(CF2)8F 
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Hexadecane0adv/  0rec  =  80761° 
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F-POSS  PDMS  Amphiphile  Aggregation 
Dynamic  Light  Scattering 


PDMS  (1000  cSt) 
0.001  M,  25  C 


Ra*  Correlation  Data 
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Diameter  (nm) 


Thermal  Stability  of  FPOSS-PDMS 
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Surface  Wetting  of 
Fluorodecyl  POSS-Enchained 
PDMS  Elastomers 
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+  10:1  base:curative  (Black  diamonds  in  figures) 
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Surface  modification  of  highly 
crosslinked  siloxane  networks 
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Surface  modification  of  highly 
crosslinked  siloxane  networks 
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Surface  modification  of  highly 
crosslinked  siloxane  networks 
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Surface  modification  of  highly 
crosslinked  siloxane  networks 
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What  about  “liquid-like”  surfaces  and 
post-cure  surface  modification? 
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Post-cure  surface  modification  of  highly 
crosslinked  siloxane  networks  with 
silane-term  oligo(dimethylsiloxane) 
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Post-cure  surface  modification  of  highly 
crosslinked  siloxane  networks  with 
silane-term  oligo(dimethylsiloxane) 
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